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1. INTRODUCTION 

The purpose of t h i s  program w a s  t o  redesign the CL X O g A  Image 

Dissector Tube t o  provide a tube with improved ruggedness. 

design of t h e  CL 1209 Image Dissector, which was developed under JPL 

Contract #959954, was retained. 

The basic 

Specif ic  areas i n  which improvements were made included: - 
(i) The addi t ion of "snubbers" t o  the  electron mul t ip l i e r  assembly. 

These snubbers were designed t o  keep t h e  movement of t h e  e lec t ron  mul t ip l ie r  

assembly t o  an absolute minimum during exposure t o  severe environmental 

conditions . 
( i i )  All cyl indr ica l ly  mounted and welded components were provided 

with spec ia l ly  formed tabs i n  order t o  eliminate stress and improve the 

weld qua l i ty  between the components. 

(iii) Tooling was designed and made f o r  the  precis ion manufacture of 

t h e  image sec t ion  components. Besides improving the  ruggedness i n  t h i s  

area, the  p a r t s  were intended t o  r e s u l t  i n  a grea te r  uniformity of e lec t ron  

o p t i c a l  performance. 

( i v )  The establishment of c r i t i c a l  assembly techniques i n  which t h e  

l a t e s t  technology. i n  welding techniques was u t i l i z e d .  

These and other  s t ruc tura l  modifications discussed, i n  addi t ion t o  

improvements i n  processing techniques, resu l ted  i n  t h e  manufacture of a 

rugged image d issec tor  tube, with improved e lec t ronic  cha rac t e r i s t i c s ,  which 

can withstand environmental stresses grea t ly  i n  excess of t h e  Mariner 

Mars f l i g h t  qua l i f ica t ion  test .  

"C" 

Eleven tubes conforming t o  the  e lec t ronic  spec i f ica t ions  were delivered. 
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2. IMAGE DISSECTOR DESIGN AND OPERATION 

The e lec t ron  opt ica l  design and t h e  basic mechanical design of 

t h e  CL l 2 O 9 A  i s  described fu l ly  i n  the  Interim F ina l  Engineering Report 

of JPL Contract No. 950054. 

making mechanically superior  tubes with improved e lec t ronic  performance 

In t h i s  program e f f o r t  was d i rec ted  a t  

cha rac t e r i s t i c s .  

The image d issec tor  tube i s  used as t h e  sensor i n  a guidance system 

which i s  intended t o  determine t h e  r e l a t i v e  pos i t ion  of a space vehicle  

i n  r e l a t ion  t o  a source of radiant flux; e.g. ,  a star.  

The operation of an image d issec tor  can be described b r i e f l y  as 

follows : 

An opt ica l  image ( i n  t h i s  appl icat ion,  a star image) which i s  formed. 

a t  t he  entrance window of the image dissector ,  i s  converted t o  an e lec t ronic  
- 

image a t  t h e  photoemissive cathode deposited on t h e  inside surface of the  

window, (See Figure 1). The electronic  image cons is t s  of photoelectrons 

emitted from the  cathode surface with varying dens i t ies  dependent upon 

the  magnitude of incident illumination; i . e . ,  t h e  grea tes t  number of photo- 

e lectrons are emitted from tha t  port ion of t h e  image corresponding t o  the  

maximum i l luminat ion area of the  op t i ca l  input  and no photoelectrons a r e  

emitted from areas corresponding t o  the  black port ions of t h e  aerial image. 

The photoelectrons generated a t  t h e  photocathode are accelerated and 

e lec t ron  opt ica l ly  focused on the  plane of an e lec t ron  aperture  s o  t h a t  

an image of t he  current d i s t r ibu t ion  a t  t h e  photocathode is formed i n  t h e  

plane of t h e  aper ture  p l a t e .  If the  imaging sec t ion  were t o  be coupled t o  
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a phosphor screen ins tead  of an aperture  p la te ,  an inverted op t i ca l  

image would be v i s i b l e  i n  t h e  foca l  plane. However, with a s o l i d  p la te ,  

having a small aper ture  a t  i t s  center,  only t h a t  port ion of t h e  e lec t ronic  

image which i s  formed d i r ec t ly  over the  aperture  i s  permitted t o  pass 

through the  aperture .  By incorporating a def lec t ion  system between t h e  

photocathode and aperture electrodes,  t h e  e lec t ronic  image may be swept 

across t h e  aperture  allowing each segment of t he  image, equal i n  s i z e  t o  

t h e  aperture,  t o  pass sequent ia l ly  through the  aperture .  

Knowledge of t h e  def lect ion program provides s u f f i c i e n t  information 

t o  associate  each segment of the electronic  image with t h e  corresponding 

segment of t he  op t i ca l  image. By t he  introduct ion of an e lec t ron  mul t ip l i e r  

behind t h e  image section, t h e  e lec t ronic  s igna l  passing through t h e  aperture  

is  amplified t o  a readi ly  measurable l eve l .  
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3.  MECHANICAL CONSIDERATIONS AND DESIGN CHANGES 

3 .1  General 

The prime object of t h i s  program was t o  improve the  ruggedness of 

A t  t he  t h e  CL 1209 which w a s  developed under JPL Contract No. 950054. 

same t i m e  consideration was t o  be given t o  improvements i n  t h e  overa l l  

e lec t ronic  performance of t h e  tube. I n  the  electron mul t ip l ie r  sec t ion  

of t he  tube, s t ruc tu ra l  fa i lures  i n  the  form of broken support wires 

had occurred i n  t h e  region of the  stem. The major cause of t h i s  w a s  

t h e  stress imposed i n  t h a t  area by the  excursions of the stem end of t h e  

e lec t ron  mul t ip l ie r  during severe environmental t e s t s .  The purpose of 

t h e  redesign i n  t h i s  area w a s  t o  r e s t r i c t  t h i s  movement t o  a minimum. 
- 

A s t r u c t u r a l  f a i l u r e  a l so  occurred i n  t h e  image sect ion of one tube 

being environmentally tes ted .  The f a i l u r e  w a s  located where two 

cy l ind r i ca l ly  shaped par ts ,  one a component of t h e  tube envelope and t h e  

o ther  t h e  focus electrode, were welded together one ins ide  the  other.  In  

t h e  tube assembly it i s  necessary t o  spot weld these pa r t s  together with- 

out puncturing the  t h i n  envelope component. To do t h i s ,  close tolerance 

p a r t s  are e s sen t i a l  i f  a good e l e c t r i c a l  contact f o r  welding i s  t o  be 

made. The d i f f i cu l ty  of providing t h i s  contact and theref  ore reproducible 

w e l d s  with spun and machined par ts  had previously been observed, therefore  

t h e  second major design t a sk  of t h i s  program was t o  provide p a r t s  with 

which optimized welds and s t r e s s  free assemblies could be made. This w a s  

accomplished by t h e  design and fabr ica t ion  of t oo l s  t o  make the  pa r t s  by 

press  work. I n  addition t o  improving t h e  mechanical s t rength of t he  tube 
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assemblies the  pressed p a r t s  allow c lose r  geometrical tolerances to 

be held i n  the  electrode configuration. Because of t h i s  t h e  electron 

op t i ca l  performance of t he  tubes i s  more cons is ten t .  k r i n g  the  

redesign of t h e  tube, pa r t i cu la r  a t t en t ion  w a s  given t o  the method of 

assembly and the  welding technique t o  be used f o r  each weld. 

engineeripg and specif icat ions of t h e  parameters of each weld ensure 

t h e  utmost i n  r e l i a b i l i t y ,  and t h e  reproducibi l i ty  of qua l i ty  welds.  

Complete 

3.2 The Electron Mult ipl ier  Construction 

During t h e  environmental t e s t i n g  of previously manufactured tubes 

it w a s  observed t h a t  t h e  anode end of t h e  e lec t ron  mul t ip l ie r  s t ruc tu re  

w a s  moving with respect t o  the tube ax i s  when the  d i rec t ion  of v ibra t ion  

w a s  normal t o  t h e  tube axis. Movement w a s  a l s o  observed i n  t h e  e lec t ron  

mul t ip l ie r  connections t o  t h e  stem leads and i n  t h e  stem leads themselves. 

An e a r l i e r  measure i n  which the diameter of t h e  stem leads w a s  increased 

and the  assembly welding schedules revised had eliminated previous points  

of f a i lu re ,  however it w a s  felt  t h a t  if t h e  movement could be eiliminated, 

t h e  s t ruc ture  would have a greater  degree of r e l i a b i l i t y .  To eliminate 

t h e  movements a st iff  support has been provided near t he  anode end of 

t h e  e lec t ron  mul t ip l i e r  assembly by means of two snubbers which are held 

between the  e lec t ron  mult ipl ier  s ide  supports (ceramics) and t h e  th i ck  

g l a s s  envelope. The snubbers are c l e a r l y  shown i n  Figures 2 and 3. The 

g lass  envelope, s i d e  supports and t h e  snubbers hence form a mutually 

t i g h t  f i t ,  which by se lec t ion  of materials of required physical propert ies  

and the  use of precis ion bore glassware provide a s o l i d  support which is  

5 



compatable w i t h  t he  thermal processes t o  which the  tube is  exposed 

during manufacture. This arrangement eliminates the  movement of the  

e lec t ron  mul t ip l ie r  assembly and therefore  t h e  resu l tan t  s t r e s s  on t h e  

stem welds, stem pins and support cross wires. 

although f i t t i n g  t i gh t ly ,  are capable of d i scre te  roll about t h e i r  

mounting pins i n  the  direct ion of t he  tube axis. This automatically 

increases the  snubber t o  glass  g r ip  when the  mul t ip l i e r  tends t o  move 

i n  the  ax ia l  direct ion.  

The st iff  snubbers, 

The introduction of t h e  snubber required the  relocat ion of t he  cesium 

generator and i t s  mounting so tha t  the mul t ip l ie r  assembly would mate 

per fec t ly  w i t h  t he  snubber. 

image sect ion i s  attached t o  the aperture cup which is  i n  tu rn  welded t o  

a metal component of t h e  envelope. Since sane f lexing w a s  apparent, i n  

tubes, before t h e  use of t h e  snubber previously described, the poss ib i l i t y  

of adding addi t ional  support was investigated.  

assembly procedures, prevented any changes i n  t h e  mounting of t h e  mul t ip l ie r  

assembly t o  Dynode #1 and t h e  aperture cup. 

w a s  achieved by revis ion of assembly techniques. 

t o t a l  removal of t h e  f lexing by t h e  snubbers na tura l ly  resu l ted  i n  a 

grea t ly  strengthened assembly. 

The end of t he  e lec t ron  mul t ip l ie r  c lose t o  the 

The lack of space and the 

However some strengthening 

This measure and the  

The close mechanical f i t  between the  snubbers and the tube envelope 

assures an even d i s t r ibu t ion  of t h e  snubber stress over a wide surface of 

t h e  g lass .  

Pa r t i cu la r  a t t en t ion  w a s  given t o  the  development of stress free 

assembly techniques. The mult ipl ier  stem leads were aligned t o  provide a 
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d i rec t  contact between the  stem and mul t ip l ie r  electrode leads before 

welding. As a r e s u l t  t he  deformation of t he  wires during the  ac tua l  

welding operation and the  resul tant  introduction of stress w a s  minimized. 

3.3 The Image Section 

The anode and the  focus electrode of t h e  image sec t ion  were redesigned 

t o  eliminate t h e  stresses introduced i n  joining t h e  cy l ind r i ca l  portions 

of t h e  electrodes t o  s i m i l a r l y  shaped components of t h e  g lass  envelope. 

Press too l s  f o r  t h e  fabricat ion of these were made. 

shown i n  Figure 4 on the  two p a r t s  of t h e  focus electrode and t h e  anode 

cone permit t h e  stress f r e e  assembly of these pa r t s  within the  tube.  

t abs  a l s o  ensure t h e  maintenance of consis tent  weld s t rength  s ince they 

give readi ly  under the  pressure of t he  spot welding electrodes.  

fabr ica t ion  of t h e  focus electrode i n  two pa r t s  reduces t h e  in t r i cacy  

involved i n  i n s t a l l i n g  the  cathode material sources within the  electrode 

and thus grea te r  r e l i a b i l i t y  can be assured. The forming of these pa r t s  

by press  t o o l s  and the  between s tage annealing, l i m i t s  t he  bui ld  up of 

i n t e r n a l  stresses during t h e  par t  manufacture. 

of s t r e s s  re l ie f ,  resul tant  pa r t  deformation and breakage of coupled 

p a r t s  during the  thermal cycling i n  the  processing of t h e  assembled tubes. 

The welding tabs, 

The 

The 

This reduces t h e  poss ib i l i t y  

3.4 The Deflectron 

The r e l i a b i l i t y  of the  deflectron has been increased by providing an 

addi t iona l  e l e c t r i c a l  l i nk  on the  outer  surface of t h e  cone between the  two 

p ins  of each electrode. In addition t h e  e l e c t r i c a l  connection between the  

def lectron and t h e  envelope lead throughs is  now made t o  the  def lect ion pins 
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near the  apex of t he  cone where the  a c c e s s i b i l i t y  allows better weld 

control .  

t h e  def lect ion pa t te rns  and the p i n  connection w a s  developed. 

eliminates t h e  p o s s i b i l i t y  of spontaneous e l e c t r o l y s i s  between t h e  Kovar 

p i n  and s i l v e r  def lect ion pattern.  

uniformly low resis tance and are s t a b l e  on repeated exposure t o  e levated 

temperatures. 

An improved method of es tab l i sh ing  e l e c t r i c a l  contact between 

The method 

Connections made t h i s  way have 

Figure 5 i s  a photograph of a def lectron e l e c t r o s t a t i c  def lec t ion  

yoke and t h e  anode cone/deflection system assembly j i g .  

designed t o  accurately posi t ion t h e  def lectron within the  anode cone 

during the  assembly procedure. 

The j i g  i s  
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4 b  TUBE MANUFACTURE 

4 .1  Spec i f  i c a t i  ons 

With the object of obtaining product of reproducible qual i ty ,  a s e r i e s  

of processing spec i f ica t ions  have been issued. Each processing spec i f ica t ion  

w a s  f i na l i zed  w i t h  a Process Evaluation T e s t .  In  pa r t i cu la r  a study has 

been made of cleaning controls  and surface conditioning procedures. The 

processes a re  control led by t i g h t l y  spec i f ied  l i m i t s  i n  the pu r i ty  of 

reagents, time, PH l eve l s  of solutions and temperature. All together more 

than 40 spec i f ica t ions  and spec i f ica t ion  combinations were introduced, and 

optimized. 

4.2 Post Exhaust Processin6 

An aging rack has been developed which permits c lose control  of gas 

pressure inside of t h e  tube during aging processes. 

t h e  d issec tor  i s  held a t  10 

The pressure ins ide  

-9 Torr or l e s s  during the  e n t i r e  aging process. 

The changes i n  pressure a re  indicated by changes i n  current i n  the  ion pump 

which i s  not removed u n t i l  t he  end of t he  aging process. Spot-knocking 

equipment w a s  b u i l t  t o  provide a control led discharge across leakage paths 

between the  neighboring elements. This process i s  performed a t  well  defined 

and control led pressures inside t h e  tube while t h e  d i s sec to r  i s  continuously 

pumped. This operation subs tan t ia l ly  reduced t h e  ohmic leakage between the  

separate  e lectrodes of t h e  electron mul t ip l ie r  assembly. 

4.3 Tooling 

Emphasis w a s  placed upon improved tool ing t o  ensure alignment of com- 

ponents and t o  eliminate the  poss ib i l i t y  of imposing s t r a i n s  between 
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components during assembly. 

necessary i n  the  def lect ion cone assembly, where the  g lass  cone is  

r i g i d l y  f i t t e d  i n t o  the  metall ic anode cone. Further t o  improve 

r e l i a b i l i t y  of welds f ix tures  were made t o  permit pre-alignment of 

the components p r i o r  t o  ac tua l  welding. 

The l a t te r  precaution w a s  pa r t i cu la r ly  

10 



5. TECHNICAL PROBLEMS AND THEXR EVALUATION 

5 . 1  Tube Envelope 

Seven tubes f a i l e d  p r i o r  t o  or  during pumping because of vacuum 

leak  i n  the  glass-to-metal seal. All of these  were made from p a r t s  

processed a t  one pa r t i cu la r  time. To prevent reoccurrence of t h i s  

problem, addi t iona l  specif icat ions and qua l i f i ca t ion  t e s t s  were in-  

troduced. 

and elevated temperature (400°C) seal tests p r i o r  t o  enter ing the 

I n  these  each batch has t o  s a t i s f y  low temperature (-180"~) 

assembly flow. 

5.2 Dyn ode Uniformity 

A de f in i t e  l i n k  was established between the  dynode uniformity and 

t h e  silver-magnesium surface preparation. The introduct ion of new 

cleaning procedures and surface buff ing techniques resu l ted  i n  an 
- 

increase of average dynode uniformity t o  above 80$. 

t h e  e f f e c t  of t h i s  processing is shown i n  Figure 6. 

A histogram showing 

It has a l s o  been 

es tab l i shed  t h a t  dynode uniformity of dynode cleaned by new technique shows 

no de ter iora t ion  during burn-in processes. ( M a x i m u m  4$). 

An addi t ional  ins ight  in to  t h e  mechanism of dynode uniformity has 

been obtained by applying strong e l e c t r o s t a t i c  f ields t o  Dynode #l. 

w a s  assumed t h a t  t he  difference i n  force  ac t ing  on d i f f e ren t  molecules 

when subjected t o  same e lec t ros t a t i c  f i e l d  m i g h t  optimize the composition 

of the  surface boundary of the silver-magnesium l i n e r .  Ekperiments were 

conducted using d i f fe ren t  e l ec t ros t a t i c  f i e l d s  f o r  d i f f e ren t  periods of 

It 

t i m e .  It w a s  observed t h a t  the dynode uniformity increased with t h e  time 

and s t rength  of t he  e l ec t ros t a t i c  f i e l d .  (See Figure 7) .  
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This method has been used t o  correct  dynode uniformity p r i o r  t o  

burn-in on some of t he  tubes.  The improvement i n  dynode uniformity 

obtained by the  use of t h i s  process was unchanged after the  hundred 

hour burn-in t es t .  

5.3 Photocathode Uniformity 

An invest igat ion i n t o  the  causes Qf poor cathode uniformity revealed 

t h a t  degradation of t he  center  area of t h e  photocathode was occurring i n  

some tubes, during the  aging process. I n  t h i s  process the  tube i s  operated 

at  continually higher l eve l s  while s t i l l  being exhausted by an ion pump 

t o  ensure t h a t  t h e  gas released from the  ac t ive  surfaces  of the tube during 

i t s  i n i t i a l  operation is  removed. Close monitoring of t h e  process revealed 

t h a t  the  gas pressure sometimes exceeded t h e  maximum desirable  l e v e l  and 

t h a t  it w a s  necessary i n  some tubes t o  prolong t h e  treatment. Because of 

t h e  extended processing and the necessi ty  of simultaneous aging of up t o  

f o u r  tubes, an aging rack w a s  b u i l t .  

and pressure monitoring of each tube.  

t h e  radiant  input f l u x  and the  applied voltage t o  each tube was increased 

gradually t o  avoid exceeding a pressure of 19-9 Torr within the tubes.  

adoption of t h i s  procedure almost t o t a l l y  eliminated t h e  poor cathode 

uniformity problem. 

This permitted t h e  individual  control  

I n  t h e  subsequent aging of tubes 

The 

5.4 Dark Current 

The dark current  i n  an image d issec tor  is  t h e  current measured at the 

anode when t h e  tube i s  energized and operated withou a radiant f lux input .  

This current,  which i s  composed of un i -d i rec t iona l  pulses and d i r ec t  
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e l e c t r i c a l  leakage, i s  the  current measured i n  t h e  anode c i r c u i t  by a 

D . C . moving c o i l  instrument. 

The current may be divided i n t o  two general c l a s s i f i ca t ions :  

( i) Fundamental currents  i. e., t he  multiplied thermal emission 

from the  photocathode and the  secondary emissive surfaces .  This cannot 

be avoided, however, it i s  negligible compared with t h e  leakage currents.  

(ii) Spurious dark currents.  These a re  leakage currents  and currents  

caused by spurious e f f ec t s  such as ion feedback. By carefu l  design and 

processing these can be minimized. 

p a r t  of anode dark currents .  

However, they s t i l l  form the  major 

Observation of t h e  noise spectrum, with a multichannel analyser, when 

various voltages were applied across the  electron mul t ip l ie r  sect ion of a 

tube,  indicated tha t :  

(i) The number of counts f o r  each energy l e v e l  and f o r  each period 

of t i m e  w a s  constant f o r  applied voltages of up t o  105 vo l t s  per  stage 

(See Figure 8) .  

(ii) A t  higher voltage levels  t h e  i n i t i a l l y  high count r a t e  decreased 

during the  t e s t i n g  period. 

(iii) Once a tube had been t e s t e d  at a higher voltage leve l ,  t he  i n i t i a l  

count rate, a f t e r  fu r the r  shelf l i f e ,  w a s  lower than i n  the  first t e s t .  

Although somewhat e r r a t i c ,  it was established t h a t  t he  count ra tes  of the 

tubes t e s t e d  was d i r ec t ly  re la ted  t o  t h e  dark current  measurement. 

above tests were performed a t  a temperature of 40°C. 

The 

The findings from the  above experiments indicated tha t  appl icat ion of 

higher poten t ia l s  between electrodes decreases dark current,  without 



detrimental  e f f e c t  on other e l e c t r i c a l  cha rac t e r i s t i c s .  F’urther 

pursu i t  of t h i s  resu l ted  i n  the introduction of t he  spot-knocking 

process.  

capac i tor  t o  progressively higher poten t ia l s  and then connecting it 

between neighboring electrodes of t h e  image d issec tor  e lec t ron  

mul t ip l ie r .  During the  process the  rate of increase of voltage w a s  

adjusted t o  insure t h a t  the  gas generated by the  discharges did not 

cause the  tube pressure t o  exceed 10 Torr  as indicated by the  ion 

pump current meter. This method permitted t h e  appl icat ion of up t o  

4000 vo l t s  between any two neighboring electrodes.  

under these conditions were observed t o  have a very low count rate as 

recorded on a multichannel analyzer. 

The spot-knocking process w a s  accomplished by charging a 

-7 

Tubes spot-knocked 

A t  t h e  end of the  project  experiments were f i n a l i z e d  t o  loca t e  the  

centers  of contamination responsible t o  a la rge  extent  f o r  dark current .  

A c r i t i c a l  area i n  the  stem tubulation was found from which impurit ies 

were fed  back i n t o  the  tube.  Changes i n  processing of t he  tube on the 

pump reduced dark current by more than 50%. However, an in su f f i c i en t  

number of tubes were processed t o  allow any de f in i t e  conclusions t o  be 

drawn. 
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6. ANALYSIS OF MANUFACTURE AND TESTING 

Thirty-one (31) tubes were exhausted i n  t h i s  program and of 

these twenty (20) were f i n a l l y  tes ted ,  according t o  JPL Specif icat ion 

31163~. 

Eleven (11) tubes meeting t h e  requirements of the  Specif icat ion were 

encapsulated and delivered under t h e  program. 

O f  t he  nine (9)  r e j ec t s  seven (7) were found t o  have defective g lass  

t o  metal seals, one (1) had poor dynode uniformity and one (1) failed 

i n  processing because of a perforated cesium generator. 

On completion of the contract  the remaining eight  (8) tubes were 

at  varying s tages  of post exhaust treatment and evaluation. 

The test  r e s u l t s  of the  eleven (11) tubes delivered is  tab led  

below. 



Tube 
Iden t i f i ca t ion  
Number 

1057 

1058 

1061 

1065 

1066 

1067 

1068 

1072 

1073 

1075 

1076 

CL 1209 TEST RESULTS 

P.  Cath. P. Cathod. Dark Dynode Deflect i on 
Sens . Uniformity Gahn Current Uniformity P la t e  
~ A / L  $ xi0 - u A  $ Misalignment 

37 

40 

45 

32 

40 

35 

32 

43 

34 

31 

37 

78 

94 

93 

95 

93 

94 

90 

86 

97 

87 

87 

58 

1.7 

1-75 

4 .O 

1195 

75 00 

52 .o 

61 .o 

7.8 

7.0 
28.4 

.038 

.031 

.025 

,020 

.020 

.020 

.024 

.028 

.04 

.022 

.0046 

88 

89 

86 

86 

86 

86 

86 

70 

86 

80 

76 

0'51' 

1'43 I 

2'17 1 

5'43' 

0 "34 ' 

1'9 

3'26 

1'9' 

0'34 ' 

3'26 

2'51' 
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7. ENCAPSULATION 

Eleven tubes were encapsulated i n  a composite assembly which 

included alignment rings,  magnetic sh ie lds  and a voltage divider  network 

f o r  t he  e lec t ron  mul t ip l ie r .  

tube. 

Figure 9 i s  a photograph of an encapsulated 

I n  t h e  encapsulation procedure, the  tube is aligned within the  r ings 

so  t h a t  the  outer  surface of the faceplate  i s  perpendicular, within f i v e  

seconds of an arc,  t o  t he  assembly axis as determined by the  r ings.  



8 .  CONCLUSIONS 

An extremely rugged image d issec tor  tube capable of withstanding 

mechanical shock and v ibra t ion  grea t ly  i n  excess of t he  Mariner C, 

spacef l ight ,  Qualification Acceptance leve ls ,  has been developed. 

The technica l  progress achieved i n  t h e  control  of dynode uniformity, 

cathode uniformity and dark current should r e s u l t  i n  grea t ly  improved 

performance of ex i s t ing  guidance systems. 

The techniques developed w i l l  provide a sound bas i s  f o r  the  

development of smaller devices with a reduced spread i n  performance 

cha rac t e r i s t i c s .  

should then be possible.  

Reduction o f  associated e lec t ronic  equipment complexity 

Although subs t an t i a l  improvement i n  dark current  performance w a s  

achieved i n  the  tubes made during the  program, it i s  concluded t h a t  a 

smaller image dissector  with improved performance could be made i f  t h e  

number of dynodes i s  increased and t h e i r  design changed. Doing t h i s  w i l l  

allow the maximum advantage t o  be taken of the  dynode secondary emission 

cha rac t e r i s t i c s  i n  t h e  e a r l y  dynodes where the  s igna l  l e v e l  is low. This, 

and a reduction of t he  applied poten t ia l s  between electrodes near the  

anode would r e s u l t  i n  a tube with b e t t e r  signal-to-noise and noise i n  

s ignal- to-s ignal  r a t i o s .  

18 
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APPENDIX I 

JPL SPECIFICATION NO. 31163 A 

1. SCOPE 

1.1 This specif icat ion covers t he  t es t  requirements f o r  an 

Elec t ros ta t ic  Image Dissector, t o  be u t i l i z e d  i n  the  Atti tude Control 

System f o r  the  Mariner C Spacecraft. 

2. AF'PLICABLE DOCUMENTS 

2.1 None 

3. REQUIREMENTS 

3.1 Conflicting Requirements - Any conf l ic t ing  requirements a r i s ing  

between t h i s  specif icat ion and any other spec i f ica t ion  or  drawing s h a l l  

be re fer red  i n  wri t ing t o  the Jet Propulsion Laboratory (JPL) f o r  i n t e r -  

p re t a t ion  and c l a r i f i ca t ion .  

3.1.1 Requests f o r  Deviation - Any deviation from t he  requirements 

of t h i s  spec i f ica t ion  s h a l l  be considered a change o r  deviation and shall  

not be allowed except by wri t ten authorization from JPL. 

3.2 Performance Characterist ics 

3.2.1 Re l i ab i l i t y  - The Image Dissector s h a l l  be capable of m a x i m u m  

r e l i a b i l i t y  and continuous operation a t  one micro-ampere anode dc current 

output f o r  a period of th ree  years during which t i m e  performance s h a l l  be 

within l i m i t s  es tabl ished subsequently i n  t h i s  specif icat ion.  

3.2.2 Spectral  Response - The Image Dissector s h a l l  be furnished with 

an  $-11 photocathode response. 
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3.2.3 Electron Aperture - The Image Dissector s h a l l  be furnished 

with a s l i t  aperture 0.151 0.005 inch long and 0.012 2 0.002 inch 

wide with reference t o  the  photocathode. 

slit  s h a l l  be aligned with one axis of t h e  def lect ion p l a t e s  within 

"he 0.151 inch axis of t h e  

5", and t h i s  set of def lect ion p la tes  s h a l l  be re fer red  t o  as t h e  

v e r t i c a l  def lect ion p l a t e s .  This axis s h a l l  a l so  be indicated by 

external  marking on t h e  tube photocathode. Orientation of t he  electron 

aperture with respect t o  t he  electron mul t ip l ie r  t o  minimize var ia t ion  

i n  output within the  aperture as indicated i n  4.1.5. 

t h i s  spec i f ica t ion  are with reference t o  t h e  photocathode). 

(All dimensions i n  

3.2.4 Electro-Mechanical Null Accuracy - The geometric center  of 

t he  electron aperture,  as referenced t o  the  photocathode, with zero vo l t s  

on t h e  def lec t ion  p la tes ,  s h a l l  be within 0.030 inches of the mechanical 

center of t h e  photocathode, as defined by t h e  outside diameter of the 

cathode window outside r ing.  

3.2.5 Electron Multiplier - A twelve s tage electron mul t ip l ie r  shal l  

be incorporated i n  t h e  Image Dissector. The electron mul t ip l ie r  s h a l l  

have a gain of not less than one mill ion,  when operated at  125 vo l t s  per  

s tage and a photocathode-to-anode voltage of TOO vol t s .  Focus voltages 

s h a l l  be adjusted f o r  optimum resolution. 

3.2.6 Photocathode Sens i t iv i ty  - The photocathode s e n s i t i v i t y  shall  

be greater  than 34 microamperes per  lumen as measured at  t h e  photocathode. 

The photocathode s h a l l  be masked t o  define a useful  area of 0.160 f 0.002 

inches by 0.570 - 0.002 inches. The 0.570 inch dimension s h a l l  be p a r a l l e l  + 

2 



t o  the  long electron aperture axis within 5" and s h a l l  be centered t o  

within 0.005 inch radius (0.010 t o t a l  ind ica tor  reading) with respect 

t o  the  outer surface of t he  cathode electrode.  Measurements s h a l l  be 

made using a source color  temperature of 2 8 7 0 ~ ~ .  The photocathode s h a l l  

f i r s t  be coated with t i n  oxide t o  eliminate voltage gradients within 

the  f i b e r  opt ics .  The mask s h a l l  be formed with vacuum deposited aJuminum 

with maximum transmission of 0.001. The mask and t i n  oxide overcoat 

s h a l l  be e l e c t r i c a l l y  connected t o  the  photocathode. 
-8 

3.2.7 Response Uniformity - With a constant input of 10 lumens 

a t  2870'~ concentrated i n  a spot of 0.002 inch i n  diameter, no change 

i n  excess of 2:l from t h e  measured peak anode dc response s h a l l  be allowed 

when the  spot i s  moved slowly across the  useful  area of the tube.  This 

test  s h a l l  be performed i n  accordance with 4.1.4 her in .  

3.2.8 Focus - Focus s h a l l  be e l e c t r o s t a t i c .  For a l l  of the  t e s t s ,  

focus voltage s h a l l  be held at one f ixed  voltage and s h a l l  not be "peaked" 

f o r  focus vs. def lect ion.  (Al l  dimensions given herein a re  with reference 

t o  the  photocathode). 

3.2.9 Deflection - Internal  symmetrical e l e c t r o s t a t i c  def lec t ion  

p l a t e s  s h a l l  be provided which can def lec t  t he  focused e lec t ron  image over 

a minimum of 0.25 inch from t h e  mechanical ax is  of t he  tube.  Deflection 

s e n s i t i v i t y  s h a l l  be grea te r  than 0.0016 inches per  vo l t s  ( p l a t e  t o  p l a t e )  

a t  TOO vo l t s  of accelerat ing poten t ia l .  Linear i ty  of e lectron image 

def lect ion as a function of def lect ion po ten t i a l  (voltage with respect t o  

the e lec t ron  aperture anode) s h a l l  be 1.0 percent.  Long term (3  year) 

3 



repea tab i l i ty  of e lectron image def lect ion s h a l l  be no greater  than 

0.002 inch anywhere within the  useful a rea  defined i n  3.2 herein.  

3.2.10 Fatigue - Long term ( 3  year) s t a b i l i t y  of the  Image 

Dissector s h a l l  be such t h a t  the luminous s e n s i t i v i t y  of t h e  tube s h a l l  

not change by more than 2:1, when il luminated with 10 
-8 

lumens concentrated 

i n  a f ixed  posi t ion spot 0.002 inch i n  diameter on the  photocathode anywhere 

within the  useful  area of 3.2. This requirement i s  presently waived and 

is  considered a design goal. 

3.2.10.1 Burn-in T e s t  - I n  order t o  age t h e  Image Dissector tubes a t  

approximately Canopus input levels ,  t h e  following tes t  s h a l l  be performed 

f o r  100 hours or more: 

a. Flood t h e  photocathode with approximately 0.02 ft-candle 
of 2870°K illumination. 

b. Excite t h e  tube with the  following voltages: 

(1) Photocathode t o  f i r s t  dynode: TOO vo l t s  
(2)  L a s t  two dynodes: 125 vo l t s  per  s tage 
(3) The remaining dynodes a t  such a voltage as 

t o  provide an output current of 0 .1  microamp. 

Once determined at  the  s t a r t  of t h e  t e s t ,  a l l  voltages s h a l l  remain constant 

throughout t he  tes t  period. Every 25 hours t h e  anode current s h a l l  be 

measured and recorded. After completion of t he  burn-in, t h e  tube must pass 

a l l  other requirements of t h i s  spec i f ica t ion .  

3.2.11 Sens i t iv i ty  - The overal l  Image Dissector, with an exc i ta t ion  

-8 
of 10 lumens a t  2 8 7 0 ' ~  concentrated i n  a spot 0.002 inch i n  diameter, 

s h a l l  evidence a minimum dc signal current output of not less than 0.4 

microampere when operated a t  a dynode voltage of 125 volts/stage and a 
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photocathode-to-anode voltage of TOO vo l t s .  

t o  determine the  s igna l  current output).  

f o r  maximum resolut ion.  

(Dark current is  subtracted 

Focus voltage i s  t h a t  required 

3.2.12 Resolution - Image focus s h a l l  be adequate t o  assure t h a t  

s igna l  pulse width s h a l l  not be grea te r  than 0.010 inch i n  addition t o  

the  electron aperture width when the  photocathode i s  illuminated a t  any 

point i n  t h e  useful  area with 10 

0.002 inch i n  diameter. 

t h e  s igna l  i s  down t o  20 percent of t he  peak s igna l  amplitude. 

dimensions are referenced t o  the photocathode). 

-8 
lumens at 2 8 7 0 ~ ~  concentrated i n  a spot 

Pulse width s h a l l  be measured between points  where 

( A l l  

3.3 Physical Characterist ics 

3.3.1 Dielectr ic  Breakdown - The external  e l e c t r i c a l  connections t o  

t h e  tube s h a l l  be designed t o  withstand a peak voltage of 3000 vol t s  with 

no d i e l e c t r i c  breakdown, e i the r  between connections o r  t o  support s t ruc ture  

which may be grounded. 

4. QUALITY ASSURANCE PROVISIONS 

4 .1  Functional Tests 

... 4.1.1 Photocathode Sensi t ivi ty  - The purpose of t h i s  t e s t  w i l l  be 

t o  evaluate t h e  average sens i t i v i ty  of t h e  photocathode. The useful  a rea  

of (3.2) t h e  photocathode sha l l  be f u l l y  i l luminated with l i g h t  a t  2870'K. 

Il lumination s h a l l  be 10 foot-candles, The cathode s h a l l  be operated at  -30 

vo l t s  and t h e  focus electrode s h a l l  be operated a t  -27 vol t s  with respect t o  

t h e  image aperture anode. The useful  cathode current s h a l l  be measured as 

the  difference between the  cathode currents  when t h e  useful  area of t he  cathode 
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i s  i l luminated and dark. The mult ipl ier  electrodes and the  def lect ion 

p l a t e s  s h a l l  be grounded. 

computation of photocathode sens i t i v i ty  . 

-4 2 Useful cathode area i s  6.35 x 10 f t .  f o r  

4.1.2 Photocathode Response Uniformity - With the  Image Dissector 

set  up as i n  t h e  foregoing test  (4.1.1), the  photocathode s h a l l  be 

i l luminated with a spot of l i g h t  0 .1  inch i n  diameter. This spot s h a l l  

be moved slowly down the  length of t h e  useful  area of t h e  cathode and 

t h e  photocathode current measured at spot center  increments of 0.050 inch 

from -0.200 t o  + 0.200 inches. There s h a l l  be no measurements less than 

0.66 times the  peak measured current.  I n  each case t h e  current measured 

s h a l l  be the  difference between t h e  current measured with the  cathode 

i l luminated and the  cathode dark. 

4.1.3 Mult ipl ier  Gain 

a .  

b.  

C .  

Energize the  Image Dissector with -700 vol t s  photocathode 
and approximately -630 vo l t s  focus electrode (optimum 
focus) and ground a l l  dynodes t o  the  electron aperture.  
I l luminate t h e  photocathode uniformity with approximately 
10 ft-candles,  a t  2870'~ and measure t h e  resu l tan t  ac t ive  
photocathode current (subtract  any dark cur ren t ) .  
Figure 1). 

(See 

Inse r t  an aperture 0.004 inches i n  diameter and a f i l t e r  
(or f i l t e r s )  of transmission one percent ( f l a t  with wave 
length over the S-11 region) d i r ec t ly  i n  f ron t  of t h e  
f i b e r  optic faceplate and i n  t h e  geometric center  (being 
carefu l  not t o  damage the  f ibe r  opt ic  surface) .  

Illuminate the combination of 4.1.3 b. with 10 foot-candles 
(2870'~) and energize t h e  image sec t ion  as  i n  4.1.3 a.  and 
addi t ional ly  energize t h e  mul t ip l ie r  sect ion t o  125 vo l t s  
pe r  s tage (1500 t o t a l ) .  
(Subtracting dark cur ren t ) .  

Record the  resu l tan t  anode current .  
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d. Compute the mult ipl ier  gain by t h e  following 
equations : 

Where 

L = Lumi ous input = f t / c  x photocathode area  2 (ft.  1 

L1= Luminous input of 4.1.3 a = 

( 0 . 1 6 0 ; ~ ~ (  0.570) (10) = 6.35 x lumens 

L = Luminous input of 4.1.3 b. = T3 "(0.004)2(10) 

4(144) 
2 

-7 
= T 8.72 x 10 lumens 

3 

I - 

11= 

T = 
3 

R = Photocathode Response = - 

Anode Current of 4.1.3 d. 

Cathode Current of 4.1.3 a. 

F i l t e r  Transmission of 4.1.3 c .  

4- 

I1 

L1 
C 

6 The computed gain ( G )  s h a l l  not be less than 10 . 

4.1.4 Response Uniformity - With t h e  f u l l  image d issec tor  energized, 
-8 

t h e  i l lumination l e v e l  set for  10 

inches i n  diameter. 

lumens concentrated i n  a spot 0.002 

The spot s h a l l  be slowly moved over the  useful  area 

of t h e  photocathode. Measurements of peak dc anode s igna l  output shall be 
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taken a t  t h e  following combinations of posi t ions:  

a. Horizontal axis 0.000 20.045 
b. Vertical  axis 0.000 50.050, *01100, 

kO.150. f0.200, -0.245 

For these measurements t h e  def lect ion p l a t e s  s h a l l  be driven from 

su i t ab le  def lect ion amplifiers and sweep s h a l l  not be employed on e i t h e r  

axis (except as necessary i n  locat ing t h e  aper ture) .  The posit ioning 

head s h a l l  be adjusted t o  each of t h e  indicated posi t ions of t h e  spot on 

the  photocathode and the  def lect ion voltages adjusted t o  center  electron 

image on the  s l i t .  The output l eve l s  s h a l l  be p lo t t ed  on su i tab le  

graphed paper. No measured active anode current l e v e l  s h a l l  be less 

than 50 percent of t he  peak measured current .  The minimum dc s igna l  

current s h a l l  be greater  than 0.4 microamperes. 

4.1.5 Dyn ode Uniformity - The purpose of t h i s  t es t  i s  t o  determine 

the  var ia t ion  i n  anode output versus e lec t ron  image loca t ion  at the  

electron aperture.  For a constant input of 10 lumens imaged on the  
-8 

f ron t  surface of t he  f ibe r  optic window, the  electron image may be moved 

by energizing t h e  ve r t i ca l  def lect ion p l a t e s .  

moved i n  such a manner anywhere, (20.060 inches) along t h e  v e r t i c a l  center 

l i n e  of t he  electron aperture re fer red  t o  photocathode, t he  resul tant  

When the  electron image i s  

minimum anode dc output s h a l l  not be less than 80 percent of t he  peak value 

a t ta inable  . 
4.1.6 Resolution - With the  tes t  conditions as defined i n  4.1.5 a. 

sweep voltage of t r iangular  waveform at  20 cps s h a l l  be applied t o  t h e  

horizontal  def lect ion p l a t e s .  The resu l t ing  s igna l  waveform s h a l l  be 
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observed on an oscil loscope. The pulse width between points  a t  20 

percent of peak amplitude s h a l l  be measured a t  the  center  and a t  0.050 

inch increments along the  center l i n e  of t he  long dimension of t he  s l i t .  

The focus voltage may be adjusted once on the  axis of t he  tube at  t h e  

s t a r t  of t he  t e s t  t o  optimize the image focus. The measured pulse width 

s h a l l  not exceed 0.010 inch plus t h e  width of t he  s l i t  e lec t ron  aperture  

(projected t o  the  photocathode) a t  any of t h e  9 spec i f ic  posi t ions indicated 

below: 

0.570 

i 
Active photocathode area nine 
points  spaced i n  0.050 inch 
increments from t h e  center  i n  
e i t h e r  d i  r e c t i  on. 

4.1.7 Leakage - The tube s h a l l  be energized as shown i n  Figure 2. 

Under these conditions there  sha l l  be no change i n  excess of two vo l t s  

across any r e s i s t o r  when the  tube i s  connected or disconnected from t h e  

bleeder ( a l l  connections). Measurements s h a l l  be made using an e l e c t r o s t a t i c  

voltmeter t o  avoid loading the c i r c u i t r y .  I n  addition, measured resis tances  

between any one def lect ion p l a t e  and the  remaining three ,  or t o  t h e  image 

anode electrode s h a l l  not be less than 200 megohms when measured a t  300 

vo l t s  dc . 
5.  PREPARATION FOR DELIVERY - Not Applicable. 

6. NOTES - Not Applicable. 
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